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greatly  facilitate  tho  taat  procadura.  Xt  will  also  halp  to  provide  on  envi¬ 
ronment  (or  aystaaatlc  and  controlled  axparlnanta  to  quantify  tha  relationship 
batwaan  bloat  and  Injury. 
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**ln  order  to  establish  a  dua|i  risk  erltarla  (DfcC)  oa  pulaonary  and 
gastrointestinal  Injury  for  Che  operating  crev  who  fire  heavy  artillery, 
direct  Information  chat  links  the  critical  blast  overpressure  pa react ere  and 
the  degree  of  injury  is  neceatory.  Although  field  teats  caa  be  parforaad  to 
provide  the  data,  they  are  not  aaenable  to  speedy  poat-aorten  analyses  end 
sophisticated  lnatruaentation.  A  laboratory  test  facility  that  la  capable  of 
generating  the  equivalent  blast  overpressure  signal  would  serve  the  purpose 
and  greatly  facilitate  the  test  procedure.  Zt  would  also  help  to  provide  an 
environment  for  systematic  and  controlled  experiments  to  quantify  the  rela¬ 
tionship  between  blast  and  Injury. 

however,  for  various  reasons,  most  conventional  approaches  in  generating 
tha  bleat  overpressure  or  its  equivalent  were  not  suitable  for  a  laboratory 
setting.  The  idea  of  using  s  Jet  lapactor  to  generate  the  inpact  signal  was 
conceived.  Thin  report  euaaarlsea  the  process  of  the  development  of  such  an 
apparatus.  The  first  part  focuses  on  the  proof  of  the  principle  and  identifi¬ 
cation  of  key  elements  and  pareaacers.  The  second  part  is  mainly  devoted  to 
tha  design  and  developmant  of  tha  prototype  spates.  - - ■ 

The  system  developed  in  this  project  Is  abls  to  deliver  a  peak  praesurs 
of  25  pal  over  IOC  In.2  target  eras.  Zt  has  a  rise  tins  of  about  1  am,  and  tha 
shots  can  be  repeated  at  four  shots  par  minute  for  as  infinite  number  of 
ohoto.  After  e  series  of  calibration  taste,  the  unit  see  do  live  red  to  the 
Valter  lead  Any  Institute  of  Xasaarch  for  awlmel  impact  teats. 
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i.  umxncnai 


Evidence  of  pulmonary  sad  gastrointestinal  injuries  la  animals  fro* 
intense  blast  ovsrprsssurs  (BOP)  sad  the  general  distress  to  ths  cpsrstlag 
cm  of  ths  sxtsadsd  rsags  H198  towed  howl tier  prompted  ths  Injr  to  conduct 
detailed  rsaestch  work  to  daflns  s  dsasge  risk  criteria  (DM)  for  humans  in  a 
blast  environment.  la  order  to  fscilltste  ths  clinical  test,  an  on-aits  appa¬ 
ratus  that  would  generate  a  similar  BOP  or  its  equivalent  was  required.  In 
addition,  this  apparatus  must  be  able  to  provide  certain  special  featuren.  A 
general  guide lin*  about  these  features  was  provided  by  VRAXt.  These  include i 

1.  Small  overall  dimensions  so  that  it  can  be  installed  in  a  normal  sine 
rooe  for  clinical  usage. 

2.  Capability  of  delivering  a  uniform  pressure,  «p  to  25  pel,  over  a 
100  in.2  target  area. 

3.  Repetition  rate  of  4  shots  pax  minute  for  Infinite  number  of  shots. 

4.  Lack  of  nuisance  or  hassrd  to  operating  parsonnal  and  surrounding 
residents. 

5.  Base  of  operation  and  convanlence  of  uaa. 

Aa  a  result  of  these  requirements,  it  was  apparent  that  the  conventional 
approaches  would  wot  be  suitable  for  this  application.  For  example,  the 
approaches  of  ualng  gun  blast,  shock  tube  and  tha  detoci  ion  of  TNT  would  not 
ba  appropriate  for  a  clinical  laboratory  setting.  Mechanical  impact  with  con¬ 
trolled  velocity  and  displacement  on  Impact  to  simulate  tha  blast  affect  waa 
used  extensively  by  Clamed sou.  However,  the  apparatus  was  too  large  to  be  used 
Indoors  and  tha  repetition  rate  waa  slow.  Moreover,  it  was  questionable 
whether  the  crushing  affect  of  tha  mechanical  impact  would  faithfully  repro¬ 
duce  the  affect  of  tha  shock  wave.  Tha  uncertainties  end  drawbacks  associated 
with  the  existing  approaches  suggested  that  an  alternative  approach  was  re¬ 
quired. 

Ons  of  ths  plausible  approaches  was  to  use  pulses  of  high  velocity  water 
jets  to  bit  tha  target.  Since  this  approach  hsa  no  shock  noise,  was  non- 
mschsnlcal,  and  could  be  easily  tailored  for  different  pressures,  it  became  an 


» 


attractive  candidate.  This  report  details  the  rationales  and  procedures  of  the 
development  of  such  a  jet  inpsetor  ey steal. 

>e cause  this  project  Involved  the  development  of  a  new  product,  consider¬ 
able  uncertainties  were  present.  To  reduce  tha  risk  and  mlnimite  the  lapact  to 
the  overall  program,  the  project  ms  divided  Into  two  phases  with  the  proof- 
of-prlnclple  as  the  allestons  of  ttie  first  phase.  Dace  the  concept  was  proved 
to  he  feasible  the  next  phase  would  then  be  continued  end  e  prototype  system 
designed  end  fabricated.  Otherwise  it  would  be  terminated  and  alternatives 
sought. 

This  report  sutasarlses  the  design  concept,  the  nejor  hurdles,  and  the 
approaches  we  took  to  ollevlsto  such  hurdles.  It  is  divided.  In  accordance 
with  the  two  phases  of  tho  project,  into  two  esjor  sections  with  she  next  sec¬ 
tion  devoted  to  the  conceptual  verification  and  psrsastrlc  study  of  s  slugl* 
valve  syscse  while  the  section  that  follows  concentrates  on  tha  development  of 
the  prototypo  system,  detailed  installation  and  molntanaaca  manual,  parts  and 
vendors  lists,  and  the  engineering  drawings  are  appended  for  reference. 


2.  to  jit  nrim  howl 


2.1  MUCT1QW  or  TXK  appmaci 

A  typical  lOf  signal  has  a  sharp  pressure  riaa  followed  bp  an  exponential 
iacay  and  rarefaction.  Tha  objective  of  chla  phaaa  was  to  eooatruct  a  nodal 
apparatus  that  would  deliver  a  short  pulsa  of  watar  sod  gaoarata  a  aignal 
alailar  to  that  of  a  BOP. 

A  number  of  idaaa  wars  conceived  and  thair  proa  and  eons  waighad.  It  was 
concluded  that  tha  approach  of  using  a  fast  cycling  valve  to  deliver  tha  da- 
olrad  pulsa  of  watar  would  bo  moat  daslrabla  and  involve  tha  laast  amount  of 
development  work.  Whan  auch  a  valve  la  combined  with  a  ptoprly  daslgnod  dis¬ 
tributor  plat a,  a  bundla  of  uniformly  distributed  jats  can  ba  delivered  to  tho 
targat  and  gaoarata  tha  impact  pressure  ovar  tha  daairad  araa. 

Sinca  tiaa  required  for  development  was  of  utmoat  concern  and  thia 
approach  uaad  existing  hardwara  and  thua  laws  development  work,  it  waa  choaan 
a a  tha  candidata  approach.  Tha  following  aubaactiona  ara  can t« rad  around  tho 
development  of  thia  concapt. 

2.2  MM  00— IflglATIOM  AMD  HOTISIO— 

Tha  firat  question  to  bo  asfcad  in  tho  daaign  of  a  tost  Jat  impactor  waa 
tha  daaign  capacity:  tha  daaign  prasaura  and  tha  daaign  flow  rata.  Ones  thaaa 
paramatara  wars  da t armload,  tha  raat  of  tha  ayataa  components  would  fall  into 
placo  accordingly. 

limes  tba  mala  objectlveo  of  tho  first  phaaa  wars  to  prova  tha  principle, 
laarn  about  tha  aystsm  performance,  and  lawlop  a  unit  that  can  ba  uaad  on  a 
•mall  teat  animal,  a  system  that  would  impact  a  A  in.  diameter  araa  was 
choaan.  limes  a  23  pal  peak  impact  prasaura  was  required,  tha  eyatom  prasaura 
waa  estimated  an  tha  order  of  a  few  hundred  pal.  Tha  enact  value  depended  on 
tha  amount  of  discharge  and,  more  Importantly,  an  tho  performance  of  tho 
waive. 


For  an  Impact  signal  of  25  pal,  5  ns  duration,  and  a  12,5  In.*  coverage 
area,  an  equivalent  flow  rate  of  600  gpa  at  a  line  preaaure  of  100  pal  would 
be  required,  Thla  high  flow  rate  calla  for  a  very  large  puap-and-motor  ayatea, 
and  even  at  considerably  higher  line  preaaure,  the  alae  la  atlll  prohibitively 
large.  For  a  prototype  that  was  eight  tinea  larger,  the  approach  would  hardly 
be  practical. 

To  alleviate  thla  difficulty,  a  high  capacity,  high  discharge  rate  accu¬ 
mulator  was  designed  lata  the  system.  The  large  discharge  port  and  high  volume 
capacity,  allowed  a  large  volume  to  be  delivered  In  a  short  time  and  without 
"starving”  the  system.  The  high  pressure  pump  would  only  serve  to  recharge  the 
accumulator  to  ita  teat  setting  and  would  have  little  affect  on  the  jetted 
water,  for  this  purpose,  a  positive  displacement  pump,  model  430  triplex  CAT 
pump,  was  chosen  for  Its  high  capacity  (up  to  1000  pal  in  preaaure,  5  gpa  In 
flow  rata)  and  minimal  pressure  fluctuation,  A  2  HP  Baldor  TKFC  motor  waa 
aelaeted  to  drive  the  pump. 

For  different  lapact  pleasures,  different  line  pressures  ware  required. 
Thla  adjustment  wee  done  with  a  pressure  regulator.  For  each  netting,  part  of 
the  flow  would  ha  delivered  downstream  of  the  regulation  and  part  would  be  by¬ 
passed  back  Into  the  supply  tank.  As  watar  fills  up  the  accumulator,  ice 
preaaure  Increases  and  thus  decreases  the  pressure  difference  ecross  the 
pressure  regulator.  This  reduction  reduces  the  flow  Into  the  accumulator  and 
for  can  more  flow  Into  tha  bypass.  In  this  way,  tha  sat  pressure  la  achieved 
asymptotically. 

For  each  shot,  mater  la  dumped  out  of  the  accumulator,  the  system  pres¬ 
sure  decreases  and  that  recharge  cycle  restarts. 

Tha  amount  of  pressure  reduction  in  the  accumulator  affects  tha  amount  of 
recharge  time  and  tha  allowable  period  between  shots.  For  a  large  capacity 
accumulator,  the  amount  of  water  ejected  per  shot  would  only  he  a  small  per¬ 
cent  sga  of  the  accumulator  and  hence  leas  pressure  reduction  in  tha  system. 
However,  a  large  accumulator  lacraaaaa  tha  volume  of  tha  total  system  sad  thus 
Installation  difficulty  and  cost.  An  initial  estimate  baaed  on  tha  amount  of 
water  delivered,  and  the  nominal  accumulator  air/water  volume  ratio  Indicated 
that  a  2.5  gallon  accumulator  would  give  a  pressure  variation  of  lass  than  3Z 
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par  shot.  Thic  capacity  was  chosan  and  was  also  uaad  as  tha  basis  of  sstlme- 
fclon  for  tha  later  prototype  dtslgn. 

A  aids  benefit  of  tha  Installation  of  an  accumulator  In  a  pump  system  was 
that  It  significantly  reduced  the  amount  of  pressure  pulsation  caused  by  the 
cyclic  action  of  the  punp;  otherwise,  a  pulsation  damper  was  re  comas  nded  by 
the  manufacturer. 

The  moat  critical  element  of  the  lap  act  or  system  la  uadoubtadly  tha  con¬ 
trol  waive.  In  principle.  It  should  have  i  fast  pressure  rise,  short  duration, 
ha  capable  of  covering  a  large  area  with  high  presaurta ,  and  be  capable  of 
being  Installed  in  any  orlantatlon.  To  aaet  those  requirements,  we  neaded  a 
large  diameter,  faat  cycling  tlna,  high  pressure  rating  valve  to  deliver  tha 
inpact.  However,  thaaa  faaturaa  ware  not  mutually  inclusive  and  moat  of  thu 
valves  had  only  one  or  two  of  tha  desirable  features. 

In  general,  larga,  high  prassura  valvas  are  bulky  and  alow,  while  those 
that  era  faat  and  light  ara  snail,  but  sultabla  for  low  pressure,  lew  flow 
applications  only.  Moreover,  tha  vendors  usually  do  not  have  tha  performance 
information  needed  for  chla  teak  except  In  very  general  tame.  The  only  way  to 
qualify  tha  performance  of  candidate  valves  wee  direct  ln-houea  calibration. 

In  conjunction  with  the  pressure  regulator,  a  check  valva  was  Installed 
to  Insure  a  one-way  flow.  This  valve  kept  the  water  In  the  system  when  the 
punp  wee  turned  off. 

A  water  tank  with  an  automatic  float  shut-off  valve  was  used  aa  the 
supply  ueaervolr  for  the  puap.  It  was  connected  to  e  tap  water  outlet. 

To  prevent  rust  formation  In  the  system,  materials  used  In  the  systems 
were  limited  to  hreae,  stainless  steal  or  plastic,  for  the  cases  where  these 
materials  were  not  practical,  the  surfaces  In  dlract  contact  with  water  ware 
coated  with  epoxy  paint. 

Xn  order  to  effectively  control  the  valving  cycln,  a  Xanadu  Universal 
frogrammable  Timer  warn  uaad.  This  timer  has  10  channels  with  tha  capability  to 
control  10  valves,  for  each  channel,  pulsea  of  different  durations  and  inter¬ 
vals  can  he  Independently  controlled. 

ties  tlna,  prassura  Magnitude  and  pressure  distribution  uniformity  were 
the  three  key  requirements  of  the  Jet  lmpactor.  Xm  order  to  evaluate  these 


parameters  accurately,  piezoelectric  transducer*  rare  used  for  pressure  sod 
force  measureaente.  the  pressure  transducer  was  used  to  Monitor  the  uniformity 
of  the  pressure  distribution  while  the  force  transducer  was  used  to  monitor 
the  total  force  over  the  entire  target  area.  The  outputs  from  these  trans¬ 
ducers  were  displayed  on  a  Mieolet  digital  oadlloecope.  Since  thla  scope 
displays  the  digital  information  at  each  tie*  step,  vary  detailed  Information 
on  the  Impact  signal  was  obtained. 

2.3  Kraoravr  or  mg  sura  run  jet  dopactoh 

■seed  on  the  above  design  considerations,  the  single  valve  jet  lapactor 
mas  designed  aa  showa  la  ITlfure  1,  aad  the  fabricated  setup  shown  la  figure  2. 

The  initial  concept  asaumsd  that  a  uniform  jet  front,  and  thus  a  feet 
pressure  rise,  would  be  achieved  by  using  s  head  reservoir  combined  with  a 
large  full  target  ares  orifice  piste.  Therefore  a  4  in.  diffuser  cone  was 
installed  between  the  valve  and  the  or  if  lea  plate  (Flga.  3  and  4)  so  that  s 
uniform  flow  would  be  achieved  before  jetting  out.  However,  this  arrangement 
was  later  found  not  feasible  for  two  reasons:  (1)  it  was  not  suitable  for 
horizontal  installation  because  water  would  ha  drained  out  of  the  cone;  and 
(2)  it  would  uot  generate  high  enough  impact  presaure  because  of  its  large 
cone  volume  and  larga  orifice  opening!.  The  large  orlfica  openings  prevented 
the  formation  of  sufficient  backpressure  that  is  aesaatlal  for  high  impact 
pressure.  Thus,  instead  of  the  straight  Jet  and  dlffuaar  chamber  combination, 
It  wao  replaced  later  by  a  eaall  cavity  and  orifice  plats  of  fanning  nosxlas 
combination,  A  more  detailed  description  of  this  design  will  be  glveu  later. 

A  major  concern  of  the  project  was  tbs  valve  cycling  time,  aad  much  em¬ 
phasis  was  placed  on  the  impact  duration.  Since  smaller  valves  activate  ff eat¬ 
er,  vmlvam  aa  small  ss  0.5  Inch  in  disaster  macs  tasted.  Other  slsaa  tasted 
Included  1,  1.3,  and  2  inch. 

After  considerable  effort  mas  expanded  in  searching  and  tasting,  mn  found 
that  only  tha  ASCO  normally-closed ,  1-1/2  inch  X  valve  possesses  asst  of  tha 
desirable  characteristics.  Thla  valve  ha*  a  safe  working  pressure  of  230  pal 
(with  a  burst  pressure  five  tinea  higher),  has  an  adequate  sis*  and  discharge 
coefficient,  Is  reasonably  priced,  aad  has  tha  smallest  overall  dimensions 
amaag  comparable  valves.  Though  tha  response  tine  Is  relatively  slow,  40  ns  to 


14 


open  ami  90  no  to  close,  It  la  ths  fastest  among  all  similar  also  valves  w 
tested.  Therefore,  this  valve  was  chosen  aa  the  prinaty  unit. 

The  results  of  tha  valve  qualification  testu  Indicated  that  besides  long 
signal  duration,  for  ail  tha  vslvo  alaaa  all  tha  impact  algnala  ware  wank. 
This  latter  problem  was  a  mora  critical  ona.  If  fort  was  concentrated  on 
Improving  tha  impact  signal. 

Aa  a  first  atop,  chances  in  flfice  plate  design  ware  made.  By  systemati¬ 
cally  reducing  the  orifice  else,  increasing  tha  numbar  of  jets  and  at  the  soma 
ties  varying  tha  plate  thickness,  optimal  gsomstry  was  sebiavsd.  By  reducing 
tha  hols  also,  loss  flow  ssespod  lamsturaly  froa  tha  cavity  and  a  higher  back 
praasura  woe  created.  This  higher  back  pressure  produced  soma  mora  powerful 
jets,  nevertheless ,  the  improvement  was  still  not  sufficient. 

Additional  improvements  ware  achieved  through  tha  change  in  standoff  dis¬ 
tances  ;  much  stronger  signals  ware  found  to  result  at  certain  optimum  stand¬ 
off  a.  Whan  ws  combined  the  optimal  dlatanca  with  the  optimal  orifice  diameter 
a  threefold  Improvement  in  total  impact  strength  wee  achieved.  As  an  example 
of  the  development  procedure  the  results  of  this  eot  of  teats  are  given  la 
Table  1. 

The  uniformity  of  pressure  distribution  at  the  target  wee  measured  along 
two  perpendicular  diameters.  As  shown  in  Figure  5,  though  the  distribution  was 
uniform  the  eegnitude  wee  too  low. 

During  this  period,  a  changeover  from  vertical  to  horisontel  impact  wee 
made.  This  wee  required  because  in  cliuicsl  teste,  sheep  will  be  tested  in 
standing  position,  it  wee  found  that  whoa  a  sheep  is  laid  aa  lee  aide,  it 
tends  to  tone#  up  end  cause  different  pulmonary  stresses  compered  to  those  in 
the  normal  standing  position.  Thus,  in  order  to  generate  the  date  in  a  store 
natural  state,  the  impect  must  be  horisontel. 

One  of  the  main  concerns  of  developing  s  horisontel  unit  wee  how  to  keep 
the  wstnr  in  the  cavity  behind  the  orifice  plate.  We  believed  (incorrectly) 
that  e  full  cavity  wee  essential  to  achieve  the  highest  Impact  force.  The 
large  volume  come  reservoir  wee  abandoned  and  nossles  with  long  aspect  ratios 
(length  to  diameter)  were  designed  end  tried.  A  number  of  other  ideas  were 
else  ready  to  be  tested.  Rawever,  we  found  that  the  signal  would  not 
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deteriorate  whan  tha  cavity  was  not  full.  As  a  matter  of  fact,  for  cartain 
cavity  alias  and  orlflcs  platan,  an  anpty  cavity  lanaratad  avon  stronger 
signals.  This  was  an  important  discovery;  it  ollainatad  ona  of  tha  major  cont- 
carna  and  fraad  us  for  aora  diract  pursuit  of  signal  improvement . 

Tha  horizontal  alngla  vslvo  impact ot  setup  is  shown  In  Figure  A.  An  «- 
tanaiva  aarlas  of  tests  was  conducted  using  this  setup.  Tha  paraaatars  tasted 
include  tha  noszla  head  geometry  (Figure  7),  cavity  sizes,  and  valve  slsea  and 
brands. 

Tha  valve  cycling  tins  was  also  a  critical  paraneter.  Though  «e  would 
like  to  operata  the  valve  in  as  short  a  duration  as  possible,  there  waa  a 
threshold  value  under  which  tha  valve  would  not  fully  open  and  this  resulted 
in  a  lower  nagnituda  signal. 

Through  an  extensive  series  of  teets  tha  daalgn  parameters  wsrs  systemat¬ 
ically  optimised  to  produce  the  right  combination  of  orifice  plate  geometry, 
number  of  Jete,  cavity  alas,  standoff  distance  and  valve  cycling  tine,  and  an 
iapact  force  of  32S  lbs  was  finally  achieved !  Aa  shown  In  Figure  8,  thla  sig¬ 
nal  had  a  rise  time  of  about  1  me,  end  a  aaln  lobe  duration  of  about  A  as. 
Though  there  waa  a  trailing  pressure  caused  by  tha  alow  valve  closure,  numarl- 
cal  modeling  shows  that  it  contributed  little  to  total  cheat  wall  signals  (sea 
Section  2. A).  The  critical  parameters  that  contributed  to  the  high  Impulse 
were  them fore  used  in  the  design  of  the  large  prototype  system. 

Instead  of  fixed  nosslae,  it  waa  decided  that  a  desirable  feature  on  tha 
prototype  lmpactor  would  be  to  have  the  ncaslas  attached  to  the  ends  of  flexi¬ 
ble  boeee.  This  feature  would  allow  freedoa  in  arranging  the  nosslae  in  a 
variety  of  patterns  and  generate  different  bleat  loading  conditions.  To  lnple- 
swne  this  idea  and  to  assure  its  feasibility  a  section  of  tha  designed  hoes 
was  purchased  and  installed  ahead  of  tha  alngla  valve  impactor  nosale  for 
test.  Since  there  was  nc  observable  affect  on  tha  impact  signal,  flexible  ex¬ 
tension  hoses  were  designed  into  tha  prototype  aystaa. 


x.a  mvowAKs  ai m  ozaanszoa 

A  typical  impact  signal  gsnaratad  by  tha  alngla'  valve  modal  £a  shown  in 
Figure  8.  It  has  c  riaa  time  of  1  ns,  a  peak  force  of  323  lb,  a  main  lobe  of 
A  m  duration,  and  it  can  be  generated  at  a  rata  of  four  shots  pur  minute.  In 


■hort,  this  systaa  aatlefla*  o»st  of  Cha  design  faaturaa.  Tha  only  objection 
la  tha  trailing  praaaura  aftar  tha  sain  Impulse. 

Ae  wo  mentioned  bafora,  tha  ASCC  valve  t*a  a  alnlwua  cycling  tlaa  of 
roughly  120  as  (40  aa  to  open  and  80  aa  to  clone).  Thin  cycling  tlaa  eraataa  a 
total  algnal  duration  on  tha  order  of  about  80  aa.  Further  reduction  In 
cycling  tlaa  would  cauaa  the  valve  to  open  only  partially  and  reduce  the  Mag¬ 
nitude  of  tha  lapect  algnal.  Cutting  cycling  tlaa  la  apparently  not  an  ac¬ 
ceptable  approach  to  reducing  the  duration  of  the  algnal. 

A  number  of  otbor  ideas  ware  triad  to  alleviate  thia  problea.  In  general, 
they  ere  baaed  on  two  concepts:  relieve  tha  driving  pressure  or  cut  off  the 
water  supply  aftar  the  aein  iapulee. 

The  preaeure  could  be  relieved  either  upetreaa  or  downstream  of  tha  con¬ 
trol  valve.  0 a cauaa  the  cavity  alaa  between  tha  valve  and  the  orifice  plate 
was  saell,  only  «  snail  valve  (1/2  In.)  could  be  Installed  downstream  of  the 
control  valve.  The  Mount  of  relief  waa  not  enough  to  ba  affective.  When  e 
large  valve  waa  used  In  conjunction  with  a  large  cavity,  the  Increased  cavity 
voluaa  reduced  tha  alg.  al  aagnltuda.  Another  alternative  waa  to  install  a 
bypass  valva  upatraaa  os  tha  aaln  control  valve.  This  reduced  tha  signal 
duration  slightly  but  it  elao  reduced  tha  aagnltuda  of  tha  lapact  signal. 

Two  ways  to  cut  off  the  water  supply  wars  triad:  one  was  to  Install  an 
extra  valva  In  sarlaa  with  the  control  valva,  and  tha  other  waa  to  critically 
charge  tha  accuaulator  ao  that  only  tha  aaount  of  water  to  be  expelled  per 
shot  wee  kept  in  the  accuaulator.  The  foiaar  aathod  required  a  normally- open 
valve  so  that  it  cut  off  the  supply  at  tha  peak  of  the  valve  opening  of  tha 
first  valva.  However t  it  waa  found  that  cha  sacond  valva  would  not  dose  any 
aoooar  and  it  also  reduced  tha  signal  aagnltuda  due  to  the  additional  flow  re¬ 
striction  Iwposcd  by  this  second  valva.  Tha  latter  aathod  allowed  no  fluid  to 
ba  left  in  the  accuaulator  at  tha  and  of  the  shot  and  thus  terminated  tha 
signal  without  aagnltuda  reduction  (Figure  9).  However,  ea  the  accuaulator 
duapa  out  lta  contents  It  also  causae  the  valva  inside  tha  accuaulator  to 
haaaar  at  tha  seat.  Continued  lapact  waa  auepactad  of  potentially  causing 
significant  daaega  to  tha  accuaulator.  In  addition,  since  tha  voluaa  control 
of  tha  water  content  In  tha  accuaulator  waa  vary  sensitive  to  the  setting  of 
the  pressure  regulator,  which  has  a  resolution  on  tha  order  of  tha  praaaura 
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differential  batwaan  the  bladder  pressure  and  the  linj  preaeure,  identical 
•bote  were  hard  to  achieve.  A  differential  preeaure  gauge  aetup  between  line 
end  accumulator  would  be  able  to  eolve  thie  problem. 

To  quantify  the  exact  effect  due  to  the  trailing  stagnation  preeaure,  nu¬ 
merical  calculatione  ware  performed.  Since  in  moat  caene,  the  "hump*"  ware  on 
the  order  of  102  of  the  peak  value,  a  simplified  profile  with  a  riae  tine  of 
1  me  then  fall  to  101  peak  value  at  3  me  and  remaining  constant  for  10  me  maa 
uoed  for  the  calculation.  The  reaults  for  the  eaaee  of  both  with  and  without 
the  hui t  are  eoapared  In  terme  of  cheat  wall  acceleration,  cheat  well  veloci¬ 
ty,  end  cheat  wall  dlaplaeament  for  peak  pressures  of  3,  10,  23  and  30  pal.  Ae 
ehowe  In  Figures  10  to  13,  the  differences  between  each  eat  of  teat  conditions 
were  within  2  to  A  percent.  This  variation  i§  so  email  that  It  is  unlikely  to 
have  any  lnfluenca  on  Injury. 

Sinca  the  Jet  iapactor  model  wee  able  to  capture  ell  the  essential  fea¬ 
tures  we  specified  earlier,  the  adopted  approach  waa  shown  to  be  a  viabla  ona. 
Without  furthar  delay  and  upon  the  approval  of  WIAXK  tha  naxt  phase  of  eha 
project,  fabrication  of  tha  prototype  impact or,  procaadad. 
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The  design  considerations  of  tha  prototype  ay a tea,  the  specific  eye tan 
components,  and  tha  eystaa  performance  era  given  in  this  section. 

s.i  una  oauntBAxzan  m>  novxszoa 

An  we  learned  earlier,  tha  heart  of  tha  jet  lapactor  la  tha  nossla/coo- 
trcl  valve  ays ten.  Since  tha  anxious  achievable  Impact  force  for  each  valve  la 
about  323  lb,  an  eight-valve  syetea  would  bo  required  to  generate  tha  speci¬ 
fied  loading  of  2300  lb.  To  cover  tha  100  in. 2  target,  these  valves  ware 
arranged  In  an  8  Inch  valve  circle.  This  wee  tha  aost  compact  arrangeaaut  for 
tha  sight  AS  CO  valves.  Since  each  valve  has  an  outlet  area  of  1.77  in.2 
(1-1/2"  diameter),  tha  Jet  atraaa  uuat  bo  fanned  out  to  cover  its  share  of  tha 
target  (12.5  In.2).  Moreover,  tha  jate  from  all  tha  valves  oust  hit  tha  target 
simultaneously  to  achieve  tha  beat  rice  time. 

To  satlafy  tha  coverage  requirement,  a  direct  solution  wen  for  each  valve 
to  cover  e  sector  equal  to  one-eighth  of  tha  circle.  Sinultanaous  Jet  arrival, 
however,  was  not  as  straightforward  to  achieve.  Since  all  tha  Jate  initiated 
from  tha  1-1/2  In.  diameter  valve  need  to  cover  a  45*  sector  ualformly,  a  45* 
nosale  pattern  vae  a  natural  choice.  Within  this  region,  each  Jet  feed  Its  own 
Inclination  for  hitting  ltn  designated  target.  Because  the  target  la  12  Inches 
In  diameter  and  tha  valve  circle  la  8  Inches,  tha  Jot  patterns  wore  skewed, 
figure  14  shows  the  different  Jet  traveling  distances  and  jet  angles  along  the 
bisecting  diameter  of  two  orifice  plates ■ 

Since  the  pressure  in  the  cavity  behind  the  orifice  plate  woe  the  earns 
for  nil  the  Jate,  ell  would  have  the  earns  velocities.  Thus  for  different 
traveling  distances,  they  would  have  different  arrival  times  at  the  target, 
end  consequently  longer  pressure  rise  times. 

To  compensate  for  this  effect,  we  needed  to  alow  down  the  jets  that 
travel  shorter  distances.  Thin  can  he  achieved  by  increasing  the  nosale 
resistance  either  by  smaller  aoaals  diameter  or  by  longer  nosele  length.  Aware 
that  we  were  at  the  threshold  performance  of  the  orifice  plate  end  too  ouch 
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resistance  would  decrease  tha  Impact  pressure,  wa  choaa  to  uaa  variable  uoaala 
length*  to  balaaca  tha  jet  velocity.  Thla  waa  achieved  by  contouring  tha  ori¬ 
fice  plate  in  a  cone  shape  ao  that  tha  length  decreases  from  tha  canter  toward 
tha  periphery.  Through  this  arrangement,  all  tha  jsta  will  be  Modulated  in 
proportion  to  their  inclinations  so  that  thay  will  arrive  at  tha  target  plats 
cloaa  to  tha  aaaa  instant  and  thaa  improve  tha  aagnituda  and  riaa  tins  of  tha 
lapact  signal. 

Another  consideration  was  the  jet  density.  Obviously,  tha  higher  tha  den¬ 
sity  tha  leas  spiky  tha  pressure  distribution.  However,  because  of  tha  limited 
else  of  tha  valve,  orifice  spacing  was  United.  Tha  jet  density  wa  designed 
has  a  Jet-to-Jet  distance  of  about  O.S  inch  on  the  targat  for  tha  16  inch 
standoff  distance. 

Baaed  on  thaaa  considerations,  a  number  of  orlfica  plates  ware  designed 
and  taatad.  The  final  choice  waa  baaed  on  tha  bast  parforaanca  in  signal  rise 
tlaa  and  lsqiact  force.  High  spaed  aovlas  were  usad  to  help  Che  selection.  The 
final  design  of  tha  orifice  plate  is  shown  in  Figure  15.  Tha  valva  arrangement 
pattern  on  tha  valva  support  plate  la  given  in  Figures  16  to  18. 

Tha  corresponding  Jet  impact  forca  of  tha  single  valva  versus  tha  stand¬ 
off  distance  for  various  lina  pressures  is  shown  in  Figure  19,  and  tha  corre¬ 
sponding  signal  rise  tins  la  shown  in  Figure  20.  From  these  figures,  tha 
optimal  standoff  distances  for  the  vrrlovs  lina  pressure*  can  be  summarised  as 
shown  In  Figure  21.  For  any  targat  impact  pressure,  tha  required  system  pres¬ 
sure  and  targat  standoff  can  be  read  off  directly.  For  exaapla,  in  order  to 
achieve  an  lapact  pressure  of  17  pal,  it  in  necessary  to  use  a  lina  pressure 
of  188  pal  and  a  standoff  distance  of  15.7  inchae.  Since  tha  jets  era  fanning 
out  from  tha  nossla  head,  tha  coverage  area  increases  with  standoff  distance. 
The  exact  lapact  pressure  should  therefore  1m  calculated  based  on  tba  total 
area  coverage  by  the  jets.  Tha  eras  coverage  of  a  single  valva  for  different 
standoff  distances  is  shown  in  Figure  22. 

The  diners  loos  of  tha  system  wars  specified  as  such  that  neither  tha  unit 
aa  a  whole  nor  its  separated  parte  should  ba  larger  tbap  4  ft  wide,  8  ft  long 
and  6  ft  high.  This  provision  waa  required  so  that  there  would  be  no  problem 
in  moving  through  doora  or  hallways.  In  addition,  we  designed  the  system  in 
such  a  way  that  its  major  components  were  all  installed  on  a  heavy  duty  cart 
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Kfw«  11.  Boult  Bat*  eoafifnratloa 


V«1 


for  tut  of  poaieion  adjuetnant.  The  valve  supporting  Itam  and  tha  calibra¬ 
tion  target  mounting  fraaa  war*  designed  as  two  aaparata  unlta  to  allow 
freedom  In  ataadoff  dlatanca  adjuataant.  Tha  aupportlng  plataa  for  both  fnaa 
can  ba  adjusted  to  different  Impact  halghti. 

A  13  HP  Haldor  TXPC  motor  waa  uaad  to  drive  a  Modal  No.  2320  CAT  puap. 
Thla  puap  haa  ratad  capacities  of  23  gpm  and  700  pal.  loth  tha  notor  and  tha 
puap  wars  mounted  on  tha  lower  shelf  of  tha  heevy  duty  service  cart.  A  1/2  la. 
alualnua  plate  waa  uaad  to  roinforca  tha  lowar  ahalf  to  raduco  the  aaount  of 
vibration.  Tha  puap  auppllad  watar  ro  a  reservoir  which  mi  connactad  to  tha 
four  3-gallcn  Hydrodyna  accuaulatora.  Thla  arrangaaant  allowa  a  fast  charge 
and  discharge  rata  of  tha  accuaulatora.  Tha  20  gallon  totcl  capacity  waa 
necessary  to  maintain  a  pressure  drop  leu  than  3Z  for  aach  shot. 

Aa  in  tha  uiagla  valve  sutup,  a  check  valve  nod  a  pres aura  regulator  ware 
provldad  to  servo  tha  aaua  functions.  A  praaauro  gauge  waa  mountud  on  top  of 
the  tank  nasarrolr  to  realtor  tha  system  pressure,  and  a  blaad  valve  waa  in¬ 
stalled  to  vent  tha  air  accumulated  in  tba  syatau  during  Initial  puap-up. 

Originally,  tha  accuaulatora  naadad  to  ba  ebargad  saparatoly.  Thla  waa 
amdlfied  by  connecting  their  charging  porta  together  ao  that  a  coaaon  air 
valve  could  ba  used  (figure  23).  This  provision  elnpllflad  tha  charging  pro¬ 
cess  and  helped  to  equalise  tha  pressures  of  the  accuwulatora. 

Aa  aantluoad  aarllar,  it  waa  daairabla  to  have  flexible  hoses  designed 
into  the  aysteu  so  that  dlffarant  vnlva  patterns  for  different  lapact  taata 
could  ba  node.  To  mat  this  requirement,  eight  2-ft  long  flexoalcs  ateJlulasa 
atael  hoaea  wara  uaad  to  connect  the  velvae  with  the  rauervoir  tank. 

Tha  counting  plataa  for  both  tha  target  plats  and  tha  valve/noexle  sys¬ 
tems  wara  aado  of  6061T  aluminum  pints,  for  tbn  valvo/noaale  pints,  sight 
precise  mounting  holes  ware  drilled  to  fix  tha  locations  of  the  valvna.  A 
1-1/2“  diameter  short  nipple  wi  threaded  into  each  valve  and  than  fad  through 
the  moating  hole.  Inch  unit  waa  than  locoed  in  place  by  a  lock  nut. 

Once  the  vnlvaa  were  fixed  in  place,  orifice  plataa  were  installed.  Ba- 
easaa  sack  orifica  plats  had  Its  own  designed  orientation,  freedom  of  adjust- 
maat  waa  designed  into  tha  ayatas  for  proper  alignment.  Tha  orifica  plates 
ware  designed  such  that  they  could  ba  rotated  at  tba  end  of  tha  pips  nipple*. 


Mseon-jar-typ*  clog*  war#  ueed  to  fix  the  orifice  plates  in  place.  The  large 
ring  openings  allow  all  the  jeta  to  pass  through  freely.  The  exact  orientation 
of  the  orifice  plate*  were  adjusted  before  completely  tightening  down  the  "jar 
ring*.”  This  was  achieved  by  aligning  tho  bisecting  lines  of  the  orifice 
plates  with  the  guiding  groover  on  tho  mounting  plate. 

The  target  plate  wee  mounted  on  a  steel  channel  support  frame.  The  center 
woe  aligned  with  the  canter  of  tho  valvo  group.  Parallelism  and  axact  dlatanca 
between  the  two  ware  fixed  by  four  Unlatruts  mounted  on  the  eldae  of  the  two 
support  frames.  This  arrangement  a  no  hoops  the  target  in  place  during  cali¬ 
bration  abate. 

The  impact  load  was  measured  by  e  force  transducer,  canter-mounted  behind 
a  target  plate.  Three  guiding  bolts  hold  the  target  plate  to  the  mounting 
piste.  These  bolte  were  used  to  minimise  the  amount  of  tilting  of  the  target 
plate  during  the  shots.  Oil  impregnated  brass  bushings  were  used  to  guide  the 
movement  of  the  bolts.  Because  of  the  bushings *  low  friction,  little  re¬ 
sistance  was  generated  between  the  bolt*  and  the  bushings.  This  allow*  the 
furu*  transducer  to  abeorb  and  measure  all  the  impact  loading  delivered  by  the 
Jata.  Bubbmr  washers  ware  inserted  between  the  nuts  and  the  mounting  plate  to 
sdalmia*  the  amount  of  target  plate  vibration  induced  by  the  impact. 

A  lx  1.5  *  1.5  ft  plastic  tank  was  used  as  tha  water  supply  reservoir. 
Tap  water  waa  connected  to  tbe  tank  ea  tha  source.  A  float  valve  was  used  to 
control  tho  water  level  in  tha  tank,  k  screen  filter  was  installed  at  tha 
inlet  of  tha  suction  pip*  to  prevant  debris  from  getting  into  tho  system.  The 
UP-timmr  was  used  to  synchronism  the  operation  of  ttw  valve*. 

3.x  qpwumcAntM  m  tan  straw  nncum 

After  tha  system  waa  fabricated,  a  complete  system  shakedown  end  calibra¬ 
tion  waa  made.  The  objective*  worn  to  evaluate  tha  system  performance  and  to 
ldantlfy  and  eliminate  «ay  trouble  spot  so  that  a  reliable  system  would  be 
achieved.  Owe  of  the  key  factors  that  dictated  the  porformance  of  tha  eyetam 
wee  the  synchronisation  of  tha  valves.  It.  waa  crucial  that  all  eight  valves 
open  aimaltaneovaly  so  that  tho  jeta  would  arrive  at  the  target  at  the  saw* 
time.  Any  misfire  wculd  result  in  delayed  rise  tic*  and  reduced  impact.. 


To  synchronise  the  valve  operation,  eight  transducers  would  be  required 
to  moult it  the  Jet  arrival  tine  of  the  eight  valvaa.  The  average  time-delays 
for  each  would  then  be  corrected  by  adjusting  tha  corresponding  activation 
tines  on  the  control  card  of  tha  UP- Clear.  This  was  a  preferred  approach.  How¬ 
ever,  because  of  tiea  and  budgetary  conatraints  this  approach  was  not  adopted 
during  the  development  phase.  Instead,  an  alternative  approach  was  used. 

If  the  J«ta  fron  two  different  valves  do  not  arrive  at  tha  ainglo  force 
transducer  target  plats  at  tha  sans  instant,  two  distinct  inpact  signals  will 
be  generated.  By  neeeuring  the  tine  delay  between  tha  two  peaks  and  adjusting 
the  control  card  accordingly,  the  delay  between  then  can  be  eliminated.  Using 
tha  same  valve  as  a  reference,  ww  could  tharafora  eliminate  tha  time  delays 
for  sll  tha  valves.  This  was  the  approach  we  uaad.  Though  there  were  varia¬ 
tions  among  shots,  a  half  dosen  to  a  doaan  shots  usually  result  in  a  good 
average  value.  A  sample  output  of  an  sight  valve  Inpact  signal  la  shown  in 
figure  24. 

Tha  major  defecta  of  this  approach  were  that  it  was  a  time-consuming  pro¬ 
cess,  and  tha  raaults  obtained  from  a  pair  of  valves  might  be  different  from 
those  when  all  eight  vnlvee  ware  firing.  In  addition,  using  two  valvaa  tended 
to  create  unayaarntrlcal  loading  that  might  damage  tha  target  transducer  and 
impair  tha  system.  Ha  therefore  recommend  tha  uam  of  sight  transducers  to  tlma 
tha  might  valvaa. 

To  calibrate  the  uniformity  at  the  Impact  pressure,  two  small  target 
plates  were  designed  and  fabricated  as  sensor  probaa.  One  had  an  area  of  3 
lu.2  and  the  other  had  an  area  of  2  In.2  Tha  smaller  target  mu  used  to  mea¬ 
sure  the  distribution  of  the  higher  pressure  shots  to  achieve  e  "point-like** 
measurement  without  much  smearing  efface.  The  larger  one  wae  used  fur  low 
pressure  conditions  to  increase  the  sign  1-r.o-noiaa  ratio. 

Tha  experiments  warm  conducted  by  firing  all  eight  valves  ainultansiously 
while  the  force  warn  maaeurad  at  the  sensor  target.  The  target  wu  mounted  on  a 
guiding  pints  which  won  Insert  ad  in  a  Unistrut  for  same  of  translation.  The 
target  was  alid  along  the  Ualatrut  to  traverse  across  tha  dlamatnr  of  tha  Im¬ 
pact  araa.  for  each  test  pressure,  date  at  every  inch  across  four  perpa adieu- 
lar  dlamatsrs  ware  taken.  At  each  location,  five  ahota  wars  made  to  get  the 
average  value.  The  results  for  tha  10,  13  aud  23  pel  teats  are  shown  in 
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Figure*  25,  26,  and  27.  These  results  wire  also  plotted  in  terns  of  distance 
squared  to  simulate  the  area  coverage  affect  and  are  shown  In  Figures  28  to 
30.  As  shown,  there  is  a  low  pressure  region  near  the  target  center  caused 
primarily  by  the  relatively  aparse  jet  density  at  tha  apex  of  the  orifice 
plate.  Tha  pressure  distribution*  over  the  rose  of  the  target  are  relatively 
uni  torn. 

Sample  locel  iapact  signals  are  shown  in  Figure  31.  These  era  the  output 
from  e  2  in.2  sensor  target.  They  all  exhibit  short  rise  tinea  and  abort  dura¬ 
tions,  Implying  that  locally  they  are  very  similar  to  tha  blast  overpressure 
signal. 

3.3  ooKXooiac  mua 

After  an  intensive  system  life  test  and  modification  and/or  replacemant 
of  all  troublesome  parts,  tha  prototype  lmpaotor  as  shown  In  Flgurt  32  along 
with  the  parta  and  vendors  Hat,  engineering  drawings  and  a  detailed  Installa¬ 
tion  and  oparntlon  manual  aa  shown  In  tha  append  lea  a  were  delivered  to  HRAXR 
to  ba  used  for  pulmonary  Injury  study. 

To  achieve  tha  designed  Impact  affect  it  la  asaantlal  that  all  tha  valves 
deliver  tha  Impact  to  the  target  simultaneously.,  In  order  to  achieve  tha  syn¬ 
chronised  valve  operation  the  stoat  direct  approach  would  ba  to  have  eight 
Individual  sensors  st  tbs  targst  to  atoasurs  tha  jet  arrival  tins  and  make  tha 
proper  correction  accordingly.  Presently,  HIAIt  personnel  are  fabricating  such 
n  calibration  target.  Since  there  might  be  soma  variation  among  startups,  It 
would  ba  worthwhile  to  make  soma  periodical  calibrations  to  ensure  tha  proper 
results. 

Irrespective  of  the  straightforwardness  of  tha  procedure  in  synchronising 
tha  valves.  It  is  still  preferable  to  use  as  f«w  valve*  as  possible  whan  tha 
teat  conditions  so  warranted.  Such  mould  be  the  case  for  low  proasur*  testa. 
For  example,  it  would  bo  daalrabla  to  uaa  jure  four  valves  for  praaauroa  loss 
than  10  pal  and  two  valves  for  pressures  lass  Chan  5  pal.  In  bath  cease,  new 
orifice  platee  would  be  required. 

The  relatively  low  iapact  preesur*  near  tha  canter  of  tha  target  area  can 
ba  improved  by  some  staple  modification  of  the  orifice  plate.  A  few  judicially 
added  nosalas  at  tha  a pax  region  will  achieve  this  obj active, 
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Pljr.r*  27.  ?i^a«ura  distribution  alone  four  parpaadleular  tmttmt 
dlaaatarci  p  *  25  pal;  standoff  dlatanca  -  15" 
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Hfura  30.  PnM«n  dlacxlbudou  la  Cana  at  r*i  p  ■  23  pal)  acaadoff 
dlatanca  -  13* 


The  prototype  Jot  lapoetor 


Ai  In  *ny  nw  product  dcTaltpnent,  thajre  ara  alwaya  hurdles  and  a tumbling 
Mocka  during  tha  proca* !,  which  ara  alao  exactly  what  wake*  the  experience 
challenging  and  rewarding.  Such  waa  tha  caaa  in  the  jet  inpactor  development. 
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Xistlsr  Inetrunent  Corp. 

73  John  Glenn  Drive 
AaJwrst,  lit  1*120 

716-691-3100  Hr.  Mika  Murphy 


1. 


Low  impedance  fluotroa  Type  211B4  priiiuri 
Low  Inpedance  pleaottou  Typo  211B3  pressure 


r.rtusducar  (0-200  poi) 

transducer  (0-300  pel) 


2,  Transducer  cable  131462. 


Mesotron  coupler  Typo  5116. 

6.  Nodal  223d  flush  Mounting  adaptor  for  prooouro  transducer. 
3.  force  transducer  Model  922f!  (0-300# ). 


HeKiit<r*Cin 
r,  0.  Box  54960 
Loo  Anjalaa,  CA  90054 

213-445-2811 
Bitft  Supply  Tank 

1.  Bolypropylana  float  No.  9773K12. 

2.  liraaa  float  rod  No.  2754K3. 

3.  Iruaa  float  ralra  No.  4652K22  (1/2"). 

4.  Suction  acraan  No.  9877K63  (1-1/4"  plpa  alia). 

Orlflca  Mata 

3.  1"  union  No.  4723K16  (to  hold  orlflca  plata  In  placa). 

6.  Braaa  locknut  No.  4337K2B. 

Motor 

7.  Cast  Iron  pullay  No.  6209R117,  bora  alia  1-11/16". 

B.  B  auction  V-balt  No.  6187K142. 

Othnr 

9.  Bronaa  chock  win  (1")  No.  9770X33. 

10.  Stalnlaaa  ataal  nipplao,  elbows,  taaa,  union*,  buahlnga. 


Naleon-Ducn,  Inc. 
7818  Wllharaon  Court 
San  Otago,  C K  92111 

714-268-4140 


1.  flaxonica  aarlaa  401M  stainlesa  ataal  hoca. 1-1/2”  dlaaatar,  24”  long,  aala 
plpa  fitting*  on  buth  anda. 

2.  Intarnal  evival/axtarnal  plpa  No.  2045-24-24?. 


3.  Hydraulic  hosa  I2781-16-36W/4722-16-16S.  1"  dlaaatar,  38”  long,  uala  plpa 
fitting*  on  both  anda. 


PCI  Piasotroiilcs 
9425  Waldan  Avanua 
Dapav,  Kt  14043 

P16-684-0003, 

1.  Quarts  force  tranaducar  Type  208A05  (5,000#). 

2.  Quarts  forca  ring  Modal  I202A  (10,000#). 

5.  Coaxial  cubic  #00200. 


Xanadu  Control* 

43  P«d«a  toad 
1jrrln*?Uk<J,  KJ  07081 

201-467-8100 


U  Cp-tlasr  Ro.  Um00-3l0-10. 

2.  Option  "C*  aurfscs  aowntaU  arackr.t  Intar f tea. 

3.  Toladjnna  part  #603-2  solid  a  tats  ralay. 
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Xanarc 

5946  S.  Washington  Blvd. 

Lot  Angelas,  CA  90040 

213-721-5598 

Eosl 

1.  CAT  puap  Modal  2520. 

2.  Nllijr  iianblj  Hcn  30269. 

3.  Shaft  protector  No.  26516. 

4.  Mounting  rail  Ho.  30266. 

3.  CAT  oil,  21  at  bottle. 

Other 

6.  laldor  TWC  3  phaaa  motor  MZ333T-97  (15  HP). 

7.  NIKA  praaaura  gauge  Type  213.  4"  glycerina  filled,  0-400  pe£. 

8.  Spring  ayateaa  praaaura  regulator  #681S-l/2-HS9-700. 
Accumulator  Charging  Syatan 

9.  Gauga  Haiti  ascawbly  #A768-236. 

10.  Charging  hoaa  (2  a  1/8*'  NW)  2*  Ions*  #768-214-2. 
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Praforod  f« r 

D.  S.  A XMff  UvlllM  of  lyttlM 
Welter  1m4  krwf  Inatltat*  of  himrck 
Vaohlagcoo,  DC  20012 

water 


Contract  Mo.  «AXK  DMD17-S1-1059 
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l.  csxKsa&t  unmiioN 


1.1  This  asnual  contain*  infovaation  for  the  installation,  start -up,  opera** 
tlon,  and  trouble  shooting  of  tha  J«t  iapactor  dsvulpod  by  JAYCGR  under  Con¬ 
tract  WRAIK-DAMD17-BI-1059  for  the  0.  S.  Army  Division  of  Medicine,  Halter 
Read  Aray  Institute  of  Research. 

1.2  The  jet  iapactor  was  developed  to  slaulata  blast  ovororessure  signals 
between  3  pel  and  23  psi  on  target  areas  approximately  100  in. 

1.3  The  jet  iapactor  was  designed  to  be  seal -mobile  and  hss  a  flexible  head 
assembly  which  can  be  targeted  at  various  heights  off  the  floor  to  eccoanodate 
different  alse  test  subjects.  Specific  principles  of  operation  and  perfor¬ 
mance  characteristics  will  be  contained  in  tho  final  report. 


2.  INSTALLATION 


2.1  Initial  Inn paction 

Before  shipment,  this  ••■•ably  wae  operational  and  found  to  ba  fraa  of 
mechanical  and  electrical  defects.  Aa  each  crate  la  unpacked,  inspect  for  any 
damage  that  say  have  occurred  In  tranelt.  Save  all  packing  materials  until 
Inspection  la  completed.  If  damage  la  found,  file  a  dal*  with  the  carrier 
immediately.  JAYCOR  should  ba  notified  es  soon  #e  possible. 

2*2  Mechanical  Check 

This  check  should  conflra  that  there  are  no  broken  knobs  or  connectora, 
that  all.  finished  surfaces  are  free  of  dente  and  scratches  and  that  meters  and 
gauges  are  not  scratched  or  cracked. 

2.3  electrical  Check 

All  electrical  component*  should  be  checked  according  to  thalr  respec- 
tlve  check-out  procedures  In  the  appropriate  operating  and  service  manuals 
found  In  the  appendix  of  this  document. 

2. A  Assembly  and  Installation 

The  jet  lmpactor  Is  shipped  ready  for  permanent  field  operation.  After 
assembly  It  la  neceseaty  only  to  connect  the  motor  to  a  230  volt  3-phasa  power 
source,  the  power  supply  and  timer  to  a  11 5  volt  AC  source  and  the  water  tank 
to  a  water  supply.  The  assaably  procadura  la  dona  In  six  stages:  lmpactor 
cors  assembly,  accumulator,  lnpactor  nosxle  head  support  etructure,  nozzle 
heed  aaeeably,  water  tank  end  calibration  target  support  structure  asseo&ly. 
The  final  assembled  unit  Is  shown  lit  Figure  1. 

2.3  Assaably  of  the  lnpactor  should  begin  with  the  unpacking  of  Crata  fl 
which  contains  all  the  snail  coaponsnts,  gauges,  transducers,  target  plates, 
0-rlnge,  and  bolts  necessary  for  assaably  and  calibration! 

1.1  Crate  FA  which  contains  the  lmpactor  core  assaably  should  be  positioned 
mar  the  final  installation  alts  and  uncrated.  This  assembly  contains  the 
pump,  motor  and  pressure  chanber  of  the  lnpactor.  Those  are  mounted  on  a  cert 
which  has  uhasls  for  rslattvs  oasy  movement  of  the  Jet  lnpactor.  Inspect  the 
core  assembly  for  damage.  Kamov*  the  tape  covering  or  holding  the  four  accu¬ 
mulator  0-rlngs  on  the  top  of  the  assembly.  Clean  the  0-rlnge  of  all  dirt  or 
grit  and  apply  aa  even  coat  at  silicon  grease.  Reinstall  the  0-rlngs  in  the 
O-ring  seats. 

2.7  Open  Crates  12  and  #3  containing  the  four  Rydrodyna  Accumulators.  Re¬ 
move  all  protective  tape  from  the  accumulator  openings  and  clean  each  mating 
surface  with  a  mild  solvent  to  remove  any  adhesive  residua.  Each  accumulator 
is  marked  near  the  edge  of  the  mating  surface  with  a  serlaa  of  dots  corre¬ 
sponding  to  similar  dot  patterns  on  the  core  r.saembly  unit.  Matching  aach  dot 
pattern  will  Insure  proper  Installation  of  each  accumulator  and  perfect  hols 
alignment  of  mounting  bolts.  (Hots:  An  overhead  hoist  using  nylon  straps  is 
vary  useful  for  accumulator  Installation.  Each  accumulator  weighs  approxi¬ 
mately  230  lbs.)  Start  all  four  machine  belts  In  aach  accumulator  before 
final  torquing  Is  accomplished.  Be  curs  two  washers  are  used  for  each  bolt 


•nd  all  art  fully  tightened.  After  all  accumulators  ara  Installed,  the  lmpac- 
tor  can  still  be  moved,  but  should  be  accelerated  and  decelerated  slowly  and 
smoothly  to  prevent  rock  ng  of  the  accumulators  which  could  reault  In  damage 
to  the  core  assembly  structure. 

2.8  Crate  #1  contains  the  pressure  gauge /charging  aeeembly,  and  charging 
hosa  for  the  accumulators.  This  3  hose/1  gauge  assembly  Is  Installed  on  the 
top  of  the  four  accuaulators  after  rattovlng  the  protective  screw  caps  (sliver 
and  yellow).  No  teflon  tape  is  neadad  for  installation.  The  2  ft  cable  sec¬ 
tions  should  be  col lad  towards  the  center  of  the  four  accuaulators  as  shown  In 
Figure  2.  The  10  ft  charging  hose  Is  used  to  charge  the  accumulators  froa  « 
bottled  Ng  aource. 

2.9  A  pressure  gauge  froa  Crate  #1  should  ba  Installed  using  teflon  tape  to 
one  of  the  ports  on  top  of  the  pressure  chamber.  A  peteock  with  tygon  tubing 
for  preaeure  relief  should  be  ins tailed  in  tbs  remaining  pressure  chamber 
port.  Hove  the  core  unit  to  the  final  Installation  position.  The  unit  is 
designed  to  shoot  froa  right  to  left  from  the  operator's  viewpoint. 

2.10  Crate  #6  contains  the  DC  power  supply,  the  valve  timer,  inlet  pipe  as¬ 
semblies,  calibration  stand-off  distance  struts  and  tbs  nostle  head  support 
frame.  Kamova  -he  nos a la  hand  support  frame  and  place  approximately  3  ft  In 
front  of  tbs  pressure  chamber. 

2.11  Locate  the  large  pressure  chamber  0-rlng  in  Crate  #1.  Clean,  grtasa, 
and  Install  It  lm  the  praaaura  chamber  0-rlng  groove. 

2.12  Carefully  unpack  the  nossle  head  assembly  from  Crate  #3.  (Hotel  When 
lifting  the  sassably  ba  sura  It  la  evenly  supported  along  all  the  flexible 
boss  section  no  ns  not  to  Induce  undue  stresses  which  could  result  In  poten¬ 
tial  leaks.)  Osa  el’x  5/M  ’  hex  bolts  from  Crate  #1  to  attach  the  head  assem¬ 
bly  to  the  frame  dil!«  resting  the  pressure  chamber  mounting  plate  on  the  cart 
edge.  Ba  mure  the  "Tt1!"  of  the  nossle  support  piste  la  In  an  upright  position. 

2*13  Kata  the  pressure  chamber  plate  to  the  pressure  chamber  and  Install  the 
proper  bolts  from  Crate  #1.  Be  sure  to  fully  tighten  all  bolts  and  compress 
lock  rings  to  prevent  hseueriwg  of  belts  during  prsssurlsatioo  of  system. 
After  initial  teas  run,  re-tlghten  all  bolts. 

2.18  Connect  the  prewired  relay  panel  assembly  to  tlie  bock  of  tha  program¬ 
mable  V-TDIEB  froa  Crats  #6  as  sbc.  i  la  Figure  3.  First  connect  the  relay 
bracket  screws.  Hast  plug  la  relay  connector  plug.  Finally,  plug  rad  and 
black  pins  late  respective  receptors.  Connect  power  cord  to  UF-TXH8B  and  con¬ 
nect  to  113  volt  source.  Nor: lea  that  tha  relay  panel  has  10  relays.  The 
first  eight  relays  are  currently  wired  to  vnlvee  fl-#3  respectively.  Belaya 
#9  and  110  are  mot  currsntly  being  used.  These  are  open  channels  for  spsrss 
or  future  growth.  Bach  valve  relay  has  ■  channel  color  assigned  according  to 
the  color  coda  attached  to  the  wiring  harness.  Color  coded  "pigtails'*  have 
been  attached  to  each  positive  (rad)  wire  going  to  each  valve  to  help  identify 
the  relay  number  sad  TlttH.  channel  assigned  to  that  valve.  For  example, 
Channel  3  la  red  and  valve  numbar  3  is  attached  to  the  red  "plgtalled"  ra- 
ley.  Channel  Identification  la  esaantlal  for  valve  synchronisation.  Tha 
black  wire  going  to  each  valvo  Is  a  common  negative  ground  (-).  Therefore  any 
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2.21  Wire  the  motor  to  the  230  Volta,  3-phna®  input  aa  described  on  the  motor 
f or  "Low  Voltage"  hookup.  Make  connection!  aa  to  local  code  and  install  any 
necaaeary  wire  brackets  or  hold  downa.  Check  for  proper  rotation  of  the 
aotor.  If  aotor  turns  in  wrong  direction,  switch  any  pair  of  wires  and  teat 
it  again. 

2.22  Once  propter  connection  and  rotation  la  established,  reinstall  and  adjust 
belts.  A  proparly  adjusted  belt  should  have  less  than  1/2*  depression  dis¬ 
tance. 


2.23  Unpack  the  target  support  frame  froa  Crate  #7.  Attach  tha  plexiglass 
aplaah  shield  to  the  target  support  frane.  Attach  tha  four  ataad-off  distance 
calibration  struts  between  the  target  support  fraaa  and  the  aeiile  head  sup¬ 
port  frawe  as  f/iovn  in  figure  1.  Sat  ataad-off  distance  according  to  tha  cal¬ 
ibrate  curve  for  different  iapact  pressures. 

2.24  Install  a  calibration  transducer*  or  transducer  array.*  Attach  trans¬ 
ducer  cable (a)  to  fiesotron  Coupler  input  connector  and  attach  black  plesatron 
output  cable  to  an  oscilloscope.  Turn  on  Pieiotron  coupler.  Bias  voltage 
she  ild  retd  12  volte. 

2.23  The  jet  lapactor  assenbly  la  now  coaplate. 


*A  single  lores  ring  and  target  plates  of  2  in.2,  5  in.2  and  113  in.2  are 
provided.  A  prsaaura  transducer  is  also  provided.  User  eey  elect  to  usa  an 
array  of  transducers. 
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3.  nniAL  SIART-OT 


3.1  Rafer  to  th*  punp  •action  In  tha  Service  Manual  Appendix  for  propar  ad- 
Justaent  of  tha  automatic  oilers  on  tha  pump. 

3.2  Refer  to  tha  UP-TIMER  ■action  for  tha  procedure  Involved  in  programing 
tha  timer.  Although  the  valvaa  should  bt>  rssynchronlrsd  before  each  o  '^ra¬ 
tion  test,  tha  timing  card  supplied  In  tha  peck  can  be  uead  for  tha  initial 
■tart-up  test.  Sat  tha  timer  on  020*100  sac*  cycle  duration.  Turn  on  timer 
power.  Pull  out  TIMER  drawer.  Push  In  control  knob  and  rotate  to  "PROGRAM. " 
Pueh  "RESET."  Place  timing  card  in  drawer.  Be  careful  of  propar  corner  ori¬ 
entation  key.  Carefully  elide  drawer  in  smoothly.  Watch  channel  lights  glow 
end  turn  off  ae  puah  la  complete.  Rotate  control  knob  to  "UINGLB." 

3.3  Charge  accumulators  to  SOX  of  tha  desired  line  pressure.  (Note:  accu¬ 
mulator  valvaa  are  open  whan  rotated  clockwise  down  into  (tan  and  are  closed 
by  hacking  valve  a tame  counterclockwise  out  of  etema.) 

3.4  Turn  on  punp  motor,  looaan  lock  nut  on  regulator  and  rotate  regulator 
adjustment  control  until  chamber  pressure  gauge  hold#  at  tha  desired  pres¬ 
sure.**  Lock  adjustment  nut.  Blaad  any  compressed  air  from  chamber  using 
petcock  relief  valve. 

3.3  Tur».  power  supply  power  on.  Be  sura  24  volts  is  indicated  output. 

3.4  To  fire  lmpactor,  quickly  depress  and  rslaaaa  "START"  switch  on  tha  UP¬ 
TIME*..  If  switch  la  depressed  too  long,  multiple  valve  firings  will  result 
and!  also  may  cause  the  valvaa  to  stick  opon.  Nota  that  tha  first  firing  may 
contain  soma  compressed  air.  Blaad  air  from  pressure  chamber  again  and  ra¬ 
cks  rgs  system  to  tha  desired  line  pressure.  Blow  orifice  platas  dean  of 
entrained  water  with  compressed  air  supply.  This  insures  elellar  chamber  con¬ 
ditions  for  all  valves.  A  series  of  5  or  4  shots  may  be  needed  before  ayatam 
"HARMS"  up  end  begins  repeatable  operation. 


~fmms  esc  *  200  nsec  cycle  duration  or  2  msec /unit,  40  units  *  120  msec 
v«.lve  shot  time.  Motet  When  *100  sec  are  used  no  lights  in  sispsed  time 
are  visible. 

**Netat  Never  pressurise  ayatam  beyond  250  pel.  Valves  ere  not  rated  above 
230  pel. 


4.  TR0UBLX3 BOOT INC 


4.1  Problem:  Syitca  leak* 

MmmmAyi  The  lapactor  la  designed  tor  relatively  easy  disassembly  at 
varloua  point*  In  the  ayatea.  Swivel  connections  ara  provided 
at  tha  valve/flexibla  hosa  Interfaces  and  at  tha  puap  flexible 
hose/pres aura  regulator  Interface.  Alao  a  union  la  provided 
between  the  pressure  chamber  and  check  valve.  Looean  leaking 
auction,  retape  with  teflon  tape  and  reaaaeable  section. 

4.2  Problem:  leaks  at  Orifice  Plata 

*»eedy:  A  large  leak  at  an  orifice  plate  nay  reduce  that  specific 

valve's  performance.  Hold  valve  secure  and  loosen  atalnlaas 
"aaeon  jar"  retaining  ring.  Remove  ring  and  orifice  plate. 
Replace  or  reseat  O-rlng  onto  brass  nipple.  Re tape  teflon  onto 
brasa  nipple.  Reinstall  orifice  plate  and  retaining  ring. 
Align  orifice  plate  properly  while  tightening.  It  la  Important 
to  tighten  the  orifice  plate  securely  against  tha  brasa  nipple 
O-rlng  aeat  for  proper  aeal.  If  retaining  ring  begins  to 
tlghtan  but  the  orifice  plate  appears  loons,  slightly  loosen 
reteinlng  ring  and  begin  to  tighten  again  until  proper  seating 
la  attained.  IMPORTANT  MOTE:  It-  retaining  ring  la  not  tight¬ 
ened  and  fully  seated.  It  may  cause  the  orifice  plate  and  the 
retaining  ring  to  be  “shot  off  tha  brass  nipple  causing  damage 
to  calibration  plate  or  injury  to  teat  subject. 

4.3  Problem:  Oil  la  Hater  Supply 

Remedy:  Oil  slick  in  the  water  supply  is  caused  by  Improper  adjustment 

of  the  automatic  oilers  on  the  pump  bearings  aectlon.  Refer  to 
the  puap  aectlon  of  tha  service  manuals  for  proper  adjustment 
procedures. 

4.4  Problem:  Valve  sticks  pern.  System  cannot  be  pressurised. 

Remedy:  This  usually  occurs  If  s  vslva  bee  malfunctioned  or  It  may 

occur  If  tha  operator  haa  cycled  the  vaivaa  whan  tha  system 
pressure  Is  sera.  One  solution  to  this  problem  can  be  sttalned 
by  cycling  the  chsrglng  system  on  and  off  a  few  times  in  quick 
succession.  The  pressure  pulses  may  close  tha  valve.  If  this 
does  not  solve  tha  problem,  then  the  solenoid  section  of  the 
malfunctioning  valvs  Must  bw  removed  and  ruins tel led. 

Valve  Removal  Procedure: 

1.  Heed  system  pressure 

2.  Raaovw  solenoid  retaining  bolts  from  valve  housing. 
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